Phosphoenolpyruvate carboxykinase has been partially purified from pineapple (Ananas comosus [L.J) Enzyme Extraction and Purification. Pineapple leaves were harvested at 6 to 8 hr into the light period when the levels of leaf acidity were low. The leaves were diced, then vigorously ground in a mortar with sand, insoluble PVP-360, and buffer. The extraction buffer contained 0.1 M imidazole-HCl (pH 7.2), 10 mM MgCl2, 10 mm MnCl2, 1% PVP-360, and 10 mm DTT, and was used in a ratio of 4 volumes of buffer to 1 g of leaf tissue. After grinding, the extract was filtered through cheesecloth. Samples then were taken for Chl determination. PEP carboxykinase was partially purified by modifications of the method of Ray and Black (17).
The mechanisms which control the diurnal activation and deactivation of various portions of Crassulacean acid metabolism are poorly understood (15) . One possible mode of control is the activation and deactivation of enzymes in a pathway(s). Since acid decarboxylation is essentially the first step in the light portion of CAM2 CO2 metabolism, it is a likely step for being under some type of control. Three enzymes have been reported in specific CAM plants: NADP+-malic enzyme, PEP carboxykinase, and NAD+-malic enzyme, which act as decarboxylases during the light period (6) (7) (8) . Pineapple and Aloe vera contain PEP carboxykinase (6, 8) . In A. vera, grown in controlled phytotron environments, PEP carboxykinase activity reflects the degree of CAM occurring in these plants (6) . The distribution of PEP carboxykinase in CAM species plus an initial biochemical characterization of the pineapple and Aloe enzyme, mostly studying the exchange reaction, have been presented (6, 8) . PEP carboxykinase catalyzes a nucleotide-dependent reversible carboxylation of PEP and an exchange of '4CO2 into OAA (13) .
Since the exchange reaction catalyzed by PEP Enzyme Extraction and Purification. Pineapple leaves were harvested at 6 to 8 hr into the light period when the levels of leaf acidity were low. The leaves were diced, then vigorously ground in a mortar with sand, insoluble PVP-360, and buffer. The extraction buffer contained 0.1 M imidazole-HCl (pH 7.2), 10 mM MgCl2, 10 mm MnCl2, 1% PVP-360, and 10 mm DTT, and was used in a ratio of 4 volumes of buffer to 1 g of leaf tissue. After grinding, the extract was filtered through cheesecloth. Samples then were taken for Chl determination. PEP carboxykinase was partially purified by modifications of the method of Ray and Black (17) .
One modification was to inhibit protease activity. BSA, 6 mg/ ml of extract, and a protease inhibitor, TLCK at 2 to 3 mg/ml of extract, were added to the enzyme extracts immediatey after the cheesecloth filtration. Without these additions there was a rapid loss of PEP carboxykinase activity and several PEP carboxykinase-containing protein fractions could be obtained when purifying the preparations. The enzyme extract was mixed with DEAE-Sephadex A-25 previously equilibrated with extraction buffer diluted 10-fold. The DEAE-Sephadex was poured into a column and the PEP carboxykinase activity eluted with a linear gradient of 0.05 to 0.16 M NaCl. The column procedure was quite stable to variation in gradient steepness, and moderately large changes in amount of column material did not greatly affect resolution. The typical column was approximately 200 ml in volume, 30 cm in height; the flow rate was about 2 to 3 ml/min. The usual amount of material loaded on the column was about 3 ml of extract which contained about 0.2 mg of Chl and 18 mg of added carrier protein. The bulk of the PEP carboxykinase activity was eluted at about 0.12 M NaCl. The NaCl concentrations of column fractions were determined by use of a YSI model 31 conductivity bridge at 0 to 4 C.
Enzyme Assays. The PEP carboxykinase decarboxylation reaction was assayed by the method of Hatch (11) . Reaction mixtures contained 100 mm HEPES-NaOH (pH 7.2), 5 mm MgCl2, 5 mm MnCl2, 0.2 mm ATP, and 8 EU of pyruvate kinase (Sigma, rabbit muscle), and 1.2 mm OAA (Sigma). The OAA was prepared just before use (11) . The molar extinction coefficient for OAA under these conditions was 1100. All PEP carboxykinase activities were corrected for nonenzymic OAA breakdown. Adenylate kinase activity could not be detected in the assay mixtures using the standard rabbit muscle assay from Sigma Chemical Co. The PEP carboxykinase fractions from the DEAE-Sephadex column were concentrated to facilitate the lower sensitivity of this assay.
The PEP carboxykinase carboxylation reaction was assayed according to Chang and Lane (5) . Reaction mixtures contained in a total volume of 1 ml: 20 mm imidazole-HCl (pH 7.2), 2.5 mM MgCl2, 2.5 mm MnCl2, 7.5 mm PEP, 0.14 mm NADH, 25 mM NaHCO2, 1.5 mm ADP, and 5 EU of malic dehydrogenase (Sigma, pig heart).
Temperature curves were performed in a 1-ml jacketed cuvette. The temperature was monitored by measuring the temperature of the water in the cuvette jacket. The energy of activation was determined by the method of Wilson (18) .
Protease was assayed by following absorption at 520 nm released from the insoluble substrate Azocoll (Calbiochem). Reaction mixtures of 5 ml contained 1/10 diluted extraction buffer, 5 mm DIT, and enzyme extract. Chlorophyll was determined by the method of Amon (1) and protein by the method of Bradford (4).
RESULTS AND DISCUSSION Partial Purification of PEP Carboxykmase. For the purposes of this study, PEP carboxykinase was separated from major competing activities, principally PEP carboxylase. The first purification method tried was that described by Ray and Black for Panicum maximum (17) . In this method, PEP carboxykinase was partially purified by (NH4)2S04 precipitation, colloidion ultrafiltration and desalting, and gradient elution from a DEAESephadex A-25 column. PEP carboxykinase and PEP carboxylase from pineapple leaves have closer relative affinities for DEAE-Sephadex than the relative affinities of the corresponding P. maximum enzymes (17) . For this reason, gradient rather than step elution was used to separate these activities with a DEAE-Sephadex column. This method separated PEP carboxykinase from PEP carboxylase and the activity per mg protein increased at least 10-fold over the crude extract. The peak with the largest amount of PEP carboxykinase activity was used in initial studies. However, the method did not produce a stable enzyme and as many as six peaks of activity could be observed upon elution of the DEAE-Sephadex column.
Tests on crude extracts showed proteases present and abundant and their activities were susceptible to inhibition by TLCK. Also, when 6 mg of BSA was added to the crude preparation immediately after passage through cheesecloth, the period of maximal enzyme activity in crude extracts was prolonged from approximately 1 to about 6 hr. When BSA and TLCK were added to the crude extract, as described under "Materials and Methods," and immediately submitted to DEAE-Sephadex chromatography, only one peak of PEP carboxykinase activity was detected (Fig. 1) . Only traces of PEP carboxylase could be detected in the PEP carboxykinase peak fractions. PEP carboxylase eluted in fractions 50 to 60 in Figure 1 . Not only did this column treatment of a crude extract plus BSA and TLCK result in a single symmetrical peak, but the recovery of PEP carboxykinase activity as measured in the carboxylation direction was about 20% greater than the total in the crude extract. Presumably, enzyme inhibitors or other components (2, 3) are removed or activated during this purification.
Carboxylation Reaction. One objective of this work was to determine whether carboxylation of PEP by PEP carboxykinase is of physiological importance during the light or the dark period. Figure 2 shows the temperature dependence of carboxylation. At lower temperatures, the rates are quite small. When these data are presented as an Arrhenius plot, a discontinuity near 15 C is observed (Fig. 2B) . Given the high energy of activation, Ea _80 kcal mol-1, at or below 15 C it is unlikely that PEP carboxykinase functions as a carboxylase at night, since at a night temperature of 15 C, pineapple accumulates acid in a normal CAM fashion (14) . The E. for decarboxylation and carboxylation are similar (Fig. 2B) .
The pH optima of both carboxylation and decarboxylation are slightly below 7 (Fig. 3) , similar to the P. maximum enzyme (17) . Preliminary work with the pineapple PEP carboxykinase indicated slightly broader pH optima for the exchange and carboxylation reactions in crude leaf extracts (8 such activity. The enzyme does occur in a particulate fraction (8, 13, 16) in a variety of plant tissues. In P. maximum, PEP carboxykinase has been reported to be in the chloroplasts (16) . For the above reasons we cannot exclude a daytime CO2 fixation function; however, we suggest that this is not physiologically significant. To support this suggestion, kinetic parameters were generated by substrate rate studies.
The Km for bicarbonate was found to be 3.4 mm (Table 1 and Fig. 4A ), which is similar to 11 mm found with the P. maximum enzyme (17) . In Figure 4B , the ADP titration of carboxylation in a double reciprocal plot yields a Km of 0.13 mm which could indicate a significant CO2 fixation function. However, when we examine Figure 4C , the PEP titration of rate, we find a relatively high (17) Km value for PEP, 5 mm (Table I) . Thus, unless PEP carboxykinase shares a compartment with a high PEP concentration, it is unlikely that the enzyme contributes significantly to CO2 fixation during day or night.
Also shown in Figure 4 , A, B, and C are three other common leaf constituents which influence the enzyme. Each of these components -carbonic anhydrase, ATP, and pyruvate -is a competitive inhibitor of the enzyme. Again, the results are interpreted as showing that carboxylation is not a likely function of PEP carboxykinase in the leaf.
Decarboxylation. In earlier work, PEP carboxykinase was proposed as the leaf decarboxylase in certain CAM plants (8).
Decarboxylation substrate kinetic parameters are presented in Table 1 and Figure 4D . The Km values of OAA and ATP are 0.4 and 0.2 mm, respectively, similar to the P. maximum enzyme (17) . Activity was observed with ADP (Km 0.05 mM) and the measured adenylate kinase activity was too low to explain the use of ADP by the enzyme. Ray and Black have discussed the ADP activity of PEP carboxykinase in more detail (17) . These kinetic parameters, Table I , may be near physiological substrate concentrations (little information is available on substrate concentrations in CAM plant tissues or cells) and suggest a physiologically significant decarboxylation activity. However, the temperature dependence of decarboxylation (Fig. 2) , and the Arrhenius plot (Fig. 2B) , indicate that night decarboxylation is not likely under our growth conditions (15 C nights) and the energy of activation, Ea -80 kcal mol-h near 15 C, is consistent with no nocturnal function of decarboxylation. During the day, decarboxylation is the favored activity (Fig. 2) and the E. of -13 kcal is within standard enzymic values (Fig. 2B) . Total acid loss with intact pineapple leaves during the day also has a similar E. at 30 C, but near 20 C the E. > 42 kcal mol- (14) . Thus, the characteristics of total acid loss in these CAM leaves are parallel to these PEP carboxykinase data.
The pH optimum for decarboxylation is approximately 6.9, and is therefore similar to the carboxylation reaction; however, its range of physiologically significant activity is somewhat narrower (Fig. 3) .
Nucleotide Specificity. Table II shows the nucleotide specificity. The carboxylation and decarboxylation reactions were run with different preparations and thus specific activities are not directly comparable. All PEP carboxykinase activities in the pineapple are best mediated by adenosine base nucleotides (Table II) similar to other plant PEP carboxykinase (8, 10, 11, 13, 17) . The other nucleotides gave low levels of activity, making it 59, 1977 
